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(57) Abstract: 


PURPOSE: To always obtain the optimum 
static direction by decoding a direction 
signal and an audio signal from a digital 
sound format signal recorded on a recording 
medium, and computing the audio signal by 
the direction signal and the installing 
position coefficient of a speaker 

CONSTITUTION: Information relating to the 
static direction of sound is inputted to 
direction input devices 2, 3 confirming to 
the audio signal. Thence, the direction 
signal and the audio signal outputted from 
the direction input device are encoded to 
digital sound formats by an encoder 6. An 
encoded digital sound format signal is 
recorded on the recording medium 7. The 
signals recorded on recording medium 7 are 
decoded to the direction signal and the 
audio signal again by a decoder 11, and the 
audio signal is computed by the direction 
signal and the installing position coefficient 
decided by the installing position of the 
speaker at an arithmetic unit 12 at every 
speaker, and is supplied to each speaker 
Thereby, the optimum output signal can be 
obtained at a speaker position, and sound 
whose static direction matches with a 
recorded direction signal can be 
reproduced. 

COPYRIGHT: (C)1 992,JPO&Japio 


_L f*2.UtM| ^/ _ 


T 


2 4 t 


;i a * * 4 



Abridged Translation of Citation 1 


Japanese Patent Laid-Open Application No. 04 (1992) -079599 
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Japanese Patent Application No. 02 ( 1990 ) -191585 

Date of Application: July 19, 1990 

Inventor: Takemoto, Masaaki 

Applicant: Victor Co. of Japan 

Gist of Invention: 

The present invention relates to audio record player that can 
change the localization direction of sound. 

In a two-channel stereo system as shown in FIGURE 5, the right 
(R) channel signal from player 41 is sent to R speaker 44 via R channel 
signal line 42 while the left (L) channel signal from player 41 is 
sent to L speaker 45 via L channel signal line 43. In this system, 
the localization direction of a sound is limited with in a triangle 
formed by the listener and the two speakers. 

In a Dolby stereo system as disclosed in the United States 
Patent Numbers 3,746,792 and 3,959,590, for example, each of the R 
channel signal and L channel signal from player 41 is sent to Dolby 
stereo decoder 46 via signal lines 42, 43, respectively, wherein C 
channel signal 47 and S channel signal 48 are further made out of 
R and L channel signals as C = L+R, S = L-R. 

Then, these four signals are, after their localization 
directions are emphasized, replayed by four speakers 44, 45, 49 and 
50, thereby localizing the sound into various directions in one plane . 
Thus, the sound can be localized into various directions within one 
plane . 


In such a Dolby stereo, however, the localization direction 
is limited to a two-dimensional plane. Also, since the number of 
channels for signals is limited to four, it is impossible to provide 
audio signals having localization directions for more than four 
channels even though five or more speakers can be used. Thus, those 
five or more speakers cannot be used effectively. 

Further, since the locations of the four speakers used in this 
Dolby system depend on certain conditions of the room and on the 
listener's choice, the locations are not necessarily in accordance 
with what was intended by the designer of the system. In such cases, 
the sufficient localization effects cannot be achieved. 

In order to overcome the above-mentioned problems in the prior 
art, an apparatus for recording and playing audio signals with 
variable localization is provided in accordance with the present 
invention. The apparatus comprises direction input means for 
inputting information concerning localization directions of sound; 
encoder for encoding the inputted direction signals and audio signals 
into a digital audio format; storage medium for recording the signals 
in the digital audio format; decoder for decoding the direction 
signals and audio signals from the signals recorded in the digital 
audio format; and processor (arithmetic unit) for processing the 
audio signals on the basis of the direction signals and the location 
coefficient of speakers. Such an apparatus is thus capable of 
reproduce output signals that are optimal with respect to the 
locations of the speakers, thereby aligning the localization 
directions of the reproduced sound with the recorded direction 
signals . 

FIGURE 3 shows the geometrical relationship between four 
speakers and a listener. In this example, four speakers are 


positioned at four corners of a room. Even when there .are five 
speakers, the similar calculation will be applied. The localization 
in a two dimensional localization will be explained so as to simplify 
the following discussion. However, localization within a three- 
dimensional space can be obtained in a similar manner. 

In the following example, we assume that the listener is at 
the center of the speakers, we now use three dimensional Cartesian 
coordinates to express the directions in this figure, wherein the 
X-axis extends to the forward direction of the listener, Y-axis 
extends to the left direction of the listener, and Z-axis extends 
to the upward direction from the listener. 

First, we calculate the directional coefficient of each of 

the speakers. For example, the directional unit vector Si toward 

speaker 20 can be expressed as follows: 

Si = (x, y, z) = (2 1/2 , 2 1/2 , 0) 

In FIGURE 4, the localization direction of L channel is set 

to be in the forward direction while the localization direction of 

R channel is set to be in the backward direction. If we denote the 

direction vector in the direction of L channel as D L and the direction 

vector in the direction of R channel as D R , these vectors can be 

expressed as follows: 

D L = (1, 0, 0) 

D R , = (-1, 0, 0) 

These L and R channel direction signals are taken out of decoder 11 
and sent to coefficient calculator 14, wherein the direction 
coefficient of each speaker is multiplied by the direction signal 
components in the L and R channels. Thus, if we assume the signal 
component of speaker 20 in the direction of the L channel is 20L and 
that in the direction of the R channel is 20R, we can calculate as 


follows : 

20L = Si • D L = 2 1/2 /2 + 0 + 0 = 2 1/2 /2 and 
20R = Si * D R = -2 1/2 /2 + 0 + 0 - -2 1/2 /2, 

wherein the dot ( • ) means a dot product between two vectors . However, 
if the result is a negative value, we will set such a result to zero, 
which means 20R = 0. This is done so that the sound, from the backward 
direction will not be outputted from a speaker in the forward 
direction, thereby making the localization direction definite. 
Similarly, the sound from the forward direction is set to be zero 
so that the sound from the forward direction will not be outputted 
from a speaker in the backward direction. All the L and R channel 
direction signal components can be thus calculated as follows: 21L 
= 2 1/2 /2, 21R = 0, 22L = 0, 22R = 2 1/2 /2, 23L = 0, 23R = 2 1/2 /2 . 

When the direction signal components of the L and R channels 
for each speaker are calculated as above, the audio signals of the 
L and R channels corresponding to these direction signal components 
will be calculated at output processors 15, 16, 17 and 18, so that 
the output signals for each of the speakers 20, 21, 22 and 23 will 
be obtained. These output signals reflect the direction signals. 

More specifically, at output processor 15, the output signal 
from speaker 20 is calculated as being 20L x Lin + 20R x Rin = 2 1/2 /2Lin, 
wherein Lin and Rin are audio signals for L and R channels . Similarly, 
the output signals , from speakers 21, 22 and 23 can be calculated at 
output processors 16, 17 and 18 as being 2 1/2 /2Lin, 2 1/2 /2Rin and 
2 1/2 /2 Rin, respectively . 

As explained above, by multiplying the direction signal 
component and audio signal with respect to each speaker, it will 
become possible to calculate and output audio signals that achieve 
a precise sound localization corresponding to the direction signals. 
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What is claimed is: 

1. A player for recording and playing audio signals with 
variable localization, comprising: 

direction input means for inputting information concerning 
localization directions of sound; 

encoder for encoding in a digital audio format the direction 
signals and audio signals inputted by the direction input means; 

storage medium for recording the encoded signals that has a 
digital audio format; 

decoder for decoding the direction signals and audio signals 
from the signals recorded in the digital audio format;, and 

arithmetic means for processing the audio signals on the basis 
of the direction signals and the location coefficient of speakers. 
Such an apparatus is thus capable of reproduce output signals that 
are optimal with respect to the locations of the speakers, thereby 
aligning the localization directions of the reproduced sound with 
the recorded direction signals. 
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